Uncorrected refractive error is the most common cause of visual impairment around the world, 1 and in children uncorrected refractive error and its consequences have a profound effect on their overall development, most importantly on educational and psychosocial development. 2, 3 In India, varied prevalence rates of myopia and hyperopia have been reported in children. [4] [5] [6] These studies have confirmed that many children are in need of spectacle correction and in rural India, around 86 per cent of children presented without correction for refractive error. 4 Children often do not complain of defective vision and may not even be aware of their problem. They may adjust to poor vision by strategies such as changing position in the classroom, moving objects closer, and tending to avoid tasks that require more visual concentration. It is recommended to screen children for early detection and intervention to provide them with the best opportunities to learn and develop. 7 In India as of January 2017 (http://www. indiaonlinepages.com/population/indiacurrent-population.html), there are 365 million children aged < 15 years of age (29 per cent of the population; National Health Profile 2015, published by Government of India); therefore, providing vision screening for all children is a daunting task. The availability of eye care services in the country varies between and within regions. Given these disparities, schoolbased vision screening services are considered cost effective in detecting correctable causes of decreased vision. 8 As part of the National Program for Control of Blindness, school vision screening is widely practised at present in the country. 9 Hence, it is necessary to estimate the prevalence both at the community and at the school level to aid planning and implementation of refractive error services in children.
Region-specific prevalence estimates are necessary for policy decisions and evidence-based allocation of resources. However, cost and logistics limits make population-based studies from each region prohibitive. In such a scenario, a systematic review provides pooled estimates for policy decisions and an indication of regional variation. There are no systematic reviews on the question of prevalence of refractive error in children. The main aim of this review is to estimate population-and school-based prevalence of refractive errors among children ≤ 15 years of age in India.
METHODS
This review included data collected in India and published between 1 January 1990 and 1 January 2017. OVID, Embase, EbscoHost and Cochrane Library databases were searched using a strategy with terms based on medical subject headings used in the title and abstract. A broad search strategy combined terms related to epidemiology (including medical subject headings search using exp prevalence* and exp epidemiology* and keyword search using the words prevalence, epidemiology, incidence, rates and proportions), terms related to disease (including medical subject headings search using exp refractive error*, exp myopia*, exp hypermetropia*, exp astigmatism*, exp presbyopia* and keyword search using the terms refractive error, myopia, hypermetropia and astigmatism), and terms related to population (including medical subject headings search using exp India* and keyword search using the word India); see Appendix S1 for the full search strategy .
This detailed search was conducted for all age groups and this report included only data related to refractive errors in children aged less than 15 years. A manual search was also conducted -based on the reference lists of the eligible articles and reviews -for any additional articles. An additional search was conducted to include any studies which reported the prevalence of refractive errors among school-going children in India. The systematic review met the criteria outlined in the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 2009 guidelines. The protocol for this review was not published.
Inclusion and exclusion criteria
All epidemiological studies that reported prevalence of any refractive errors from an Indian population were considered for full text review. Studies that used only qualitative methods, all review papers, and all those studies published only as an abstract or presented at conferences and duplicate publications from the same study were excluded.
The review process included four steps: 1 screening of title and abstracts and selection of studies for full text reviews; 2 full text review of the selected studies and assessment of methodological quality; 3 data extraction from the included studies; 4 and analysis and interpretation. Two independent reviewers (SS, BS) completed all the first three steps and consensus was achieved through discussion in case of any discrepancies at any stage.
The methodological quality of the eligible studies was assessed using the checklist developed by Munn et al. 10 for prevalence studies, and publication bias was assessed through funnel plots. This checklist has 10 criteria and for each criterion, the reviewers record 'yes', 'no', 'unclear' or 'not applicable'. Data were extracted on the study year, design, sampling technique, screening tools, cycloplegia, screening personnel, location (urban or rural), total sample size, number of children with refractive error and number of children with different types of refractive error. 11 was used with a random effects model, separately for population-based and schoolbased data.
Statistical analysis
As part of the secondary aim of this review, subgroup analysis was performed to estimate the pooled prevalence by type of refractive errors (myopia, hyperopia and astigmatism), by gender and geographic location (rural versus urban). Cochran Q statistic testing was undertaken for heterogeneity across studies.
12,13

RESULTS
Of 178 potentially relevant titles and abstracts, 26 full text articles were considered eligible. The review strategy is summarised in Figure 1 and the details of 14 excluded studies with the reasons are presented in Table 1 . Twelve studies, including four populationbased cross-sectional studies [4] [5] [6] 26 and eight school-based studies, were included in this review. [27] [28] [29] [30] [31] [32] [33] [34] Of the four population-based studies, three were from southern India 4, 6, 26 and one was from northern India. 5 All the eight school-based studies were spread across seven different states.
However, sample size, age group and the definition of refractive errors varied significantly in the included studies. The characteristics of population-based and schoolbased studies are presented in Tables 2  and 3 , respectively, and the results of the Table 4 . Publication bias was assessed and the distribution of studies in populationbased and school-based plots were asymmetrical (Luis Furuya-Kanamori [LFK] index: 2.31: major asymmetry and LFK index: 123: minor asymmetry, respectively). Very high heterogeneity was found between the included studies reporting prevalence of refractive errors in children (Cochran's Q-test, p < 0.001; I 2 = 100 per cent) (Figures 2 and 3) .
The overall prevalence of refractive error in children was 8.0 (CI: 7.4-8.1) and in schools it was 10.8 (CI: 10.5-11.2). The population-based prevalence of combined refractive errors and myopia alone was higher in urban areas compared to rural areas (odds ratio [ Tables 5 and 6 .
DISCUSSION
The overall population-based estimates of prevalence of refractive errors, myopia, hyperopia (≥ +2.00 D) and astigmatism in children were 8.0, 5.3, 4.0 and 5.4 per cent, respectively. The corresponding figures from the school-based data were 10.8, 7.2, 2.6 and 1.8 per cent.
The odds of having combined refractive errors and myopia alone were twice as high among urban children compared to rural children. This is similar to earlier findings 35 on the epidemiology of refractive error in other parts of the world and this metaanalysis provides further support for this pattern across India. This may be due to the increased educational demands leading to more near vision activities. 32 Also, the greater use of electronic gadgets such as tablets, smart phones and computer games may be a key contributing factor for increased prevalence rates in urban areas. Although near work is considered as a risk factor for increased myopia, the association between myopia and near work remains elusive. 36 Comparison between the included studies was complicated by the inherent variability in the methodology adopted in each study, resulting in significant heterogeneity. The Refractive Error in School Children protocol has been considered as a standard methodology for estimating refractive errors in children. 37 However, in India two population-based studies 4,5 adopted the Refractive Error in School Children protocol, but unfortunately the age groups enrolled in these two studies were different, making it difficult for direct comparison. Adoption of standard methods
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including refractive definition and standardised age group sampling across studies will facilitate easy comparisons between studies. Assessment of refractive errors in younger children is challenging both technically and logistically. Cycloplegia followed by retinoscopy or autorefraction is a widely acceptable way of assessing ametropia in children, 38 and 11 out of 12 included studies met these criteria. Moving forward, it will be key to ensure that cycloplegia is integral to any studies of refractive error in children in India.
School-based data showed that myopia was higher among girls than boys. This may reflect different environmental factors, such as the tendency of girls to spend a greater number of hours reading and writing at home and significantly fewer hours outdoors as compared to boys. 32 Estimating prevalence by gender was not possible from the population-based studies due to inadequate information.
Considering the progressive nature of myopia in young children and the risk associated with high levels of myopia, vision screening programs should include follow-up services. Furthermore, eyehealth messages highlighting and encouraging children to increase outdoor activities may reduce this risk factor for myopia in Indian children. 39 The range of refractive errors is quite high in very young children, particularly hyperopia. It is unclear whether correction of refractive error affects emmetropisation. 40 One population-based study included in the present review used a cutoff of ≥ +0.50 D as hyperopia, which escalated the overall prevalence of refractive error in children. 6 Most of these children will not require spectacle correction; hence, for estimating the spectacle need, a clinically significant level hyperopia of ≥ +2.00 D was used as a cut-off, which is recommended for future studies of prevalence. However, symptoms and binocular visual function should also be taken into consideration and there are clear guidelines available for prescribing spectacles in different age groups in children. 41 Studies in other settings have demonstrated a link between hyperopia and lower educational attainment. 42 Every child should be screened for refractive errors; however, the large number of children to be screened coupled with resource constraints Population-based studies Refractive error prevalence in children Sheeladevi, Seelam, Nukella et al.
precludes population-based screening for childhood refractive errors in India. A pragmatic approach is essential for addressing this issue. For example, the World Health Organization recommends vision screening for refractive services in schools, as most refractive error problems occur in children of school age. 43 In India, as part of the National Program for Control of Blindness, a School Eye Health Screening Program has been in place for more than two decades. 9 Millions of children have been screened every year and this program is found to be cost effective in screening for refractive errors in children in India, with volunteer support from school teachers reducing associated costs. 8 To optimise benefits of the existing school eye health program, a few changes are suggested. Standard protocols across the program would increase comparability of data across the country. Comparable data are important to assess the impact of the program and to develop strategies aimed at increasing screening coverage and compliance. Also, this review could not determine the appropriate age for vision screening in children. Future studies should determine this factor and strategies should be developed for achieving higher screening coverage in schools. 21, 44 This is believed to be the first systematic review on prevalence of refractive errors in children in India. Most of the populationbased estimates are from the southern region, which limits extrapolation to the entire country as the disparities within the country are well known. For example, some of the states in the southern and western regions have better health indices compared to the northern region. 45 Also, these estimates are based on data published as far back as 1997, and are therefore somewhat outdated. Since myopia is an emerging public health issue, contemporary data are required for reliable estimation across the country. Providing refractive services for children imposes major logistical challenges, considering that the population of India is the second highest in the world, with 1.34 billion people (http://www. indiaonlinepages.com/population/indiacurrent-population.html), of which 29 per cent are children aged less than 15 years (National Health Profile 2015, published by Government of India). The populationbased estimates of refractive error in children in India indicate that 33.4 million children in the country are in need of spectacles for vision correction. Similarly, if 100 school students aged more than seven years are screened, 14 of them are likely to need spectacles, of which about 70 per cent would require correction for myopia and follow-up screening on an annual basis, and correction if necessary.
Uncorrected refractive error in children can significantly affect their vision, education and psychosocial development. 3, 42 The projected estimates can be useful for developing strategies to address the issue. The estimated need reveals a challenging task for the country to deal with and considerable efforts will be required to scale up refractive error services for children.
Based on this review, there is a need for up-to-date population-based data on the prevalence of refractive errors in children, with greater representation across India. Also, it is important that future studies adopt a standard approach, such as the Refractive Error in School Children protocol, and report data on different types of refractive error with clinically meaningful cut-off points. For example, along with the data on overall refractive error in children, it is recommended to report separately on clinically significant refractive error, with criteria of ≥ −1.00 D and ≥ +2.00 D for calculating the need for spectacle correction.
A major limitation of this review is that the data included for analysis are out of date. Also, the variation in refractive error definition, particularly in reporting hyperopia, contributed to the wide range of estimated prevalence. Moreover, a few schoolbased studies considered in this review included relatively low amounts of refractive error; for example +0.50 D, which is Refractive errors † not clinically significant for spectacle correction in most children.
CONCLUSION
Uncorrected refractive error in children in India is a major public health problem and requires concerted efforts from various stakeholders including health, education providers and parents to manage this issue in this country.
